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(57) ABSTRACT 


The object,—to create a printed circuit board for an implant 
having improved properties in connection with the electrical 
contacting via the contact points of the conductor tracks on 
the printed circuit board,—is achieved, according to the 
present invention, by means of a device for contacting 
and/or electrostimulation of living tissue cells or nerves with 
having a printed circuit board having with at least one 
contact point for electrical contacting, the printed circuit 
board encompassing comprising a flexible multilayer system 
with at least one conductor track. In accordance with the 
invention, the contact points for the conductor track in the 
multilayer system are galvanically reinforced. To this end, a 
galvanically reinforced layer is grown onto the already 
preprocessed contact point, for example by means of a 
galvanic process. By virtue of the application of one or more 
additional material layers onto the contact points of the 
conductor tracks, these latter are mechanically more stably 
anchored in the printed circuit board in mechanically more 
stable manner and hence become more reliable in their 
function. 


19 Claims, 3 Drawing Sheets 
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DEVICE WITH FLEXIBLE MULTILAYER 
SYSTEM FOR CONTACTING OR 
ELECTROSTIMULATION OF LIVING 
TISSUE CELLS OR NERVES 


This application is a Continuation of U.S. application Ser. 
No. 12/280,123, filed Jan. 20, 2009, which is a U.S. Nation- 
alization of PCT/EP2007/000685, filed on Jan. 26, 2007, 
which claims priority to DE 10 2006 008 050.5 filed on Feb. 
21, 2006, the entireties of which are incorporated herein by 
reference. 

The present invention relates generally to systems that 
serve for contacting living tissue or nerves. The invention 
relates to a device for contacting or electrostimulation of 
living tissue cells or nerves with a printed circuit board 
encompassing at least one contact point for electrical con- 
tacting of implants with multilayer systems with printed 
circuit boards in which at least one contact pad of a flexible 
printed circuit board is positively anchored in the printed 
circuit board, wherein a mechanical reinforcement of the 
contact pad being is achieved by galvanic growth of con- 
ductor-track material. 

Devices are known in the form of implants for stimulating 
living tissue, such as, for example, implants for the retina of 
the human eye or for the human inner ear. As a rule, such 
implants encompass a number of stimulating electrodes, via 
which electrical stimulating pulses are delivered to the 
surrounding tissue or to the cells, in order in this way to 
stimulate the nerves and hence thereby to re-establish or to 
improve their function thereof. 

Known implants are frequently an integral part of systems 
that encompass electrical or electronic components for diag- 
nostic purposes such as, for example, the electrical mea- 
surement of bodily functions, blood pressure, blood sugar or 
temperature. Such systems may also include glucose sen- 
sorics, ultrasound sensorics, components for image-record- 
ing or for sound-recording and, in particular, components for 
actoric purposes. With such systems it may also be a 
question of stimulation systems that include components for 
actoric purposes such as, for example, for electrostimula- 
tion, defibrillation, emission of sound or emission of ultra- 
sound. As a rule, such systems encompass comprise a 
substrate in the form of a printed circuit board on which the 
electronic modules components are arranged, with electrical 
contacts that are in direct or indirect contact with the body 
tissue such as, for example, nerve tissue and muscle tissue, 
or with body fluids such as blood, for example, blood. 

In order to keep the dimensions of the electrical or 
electronic components as small as possible, besides ceramic 
substrates, flexible printed printed circuit boards made of 
plastics,—for example, polyimide, parylenes,—are also 
being increasingly employed. Such flexible printed printed 
circuit boards can are able to be structured in very fine 
dimensions with a layer thickness of the conductor track 
from a few nanometers up to a few hundred nanometers and 
with a conductor-track width of, for example, a few microm- 
eters with the aid of established processes for producing 
microchips having very fine dimensions with a layer thick- 
ness of the conductor track from a few nanometers up to a 
few hundred nanometers and with a conductor-track width 
of, for example, a few micrometers. 

As a rule, such a flexible printed circuit board consists of 
one or more insulating layers, for example made of poly- 
imide, parylenes or other plastics, insulators or flexible 
semiconductors, on which conductor tracks, contact areas or, 
where appropriate, through-connections metalized holes 
between several multiple conductor-track planes have are 
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been established. For Ше electrical contacting of Ше соп- 
ductor tracks, corresponding contact points or contact pads 
are provided, via which electrical leads and/or modules can, 
for example, can be attached, in order to connect the 
electronic components on the printed circuit board to exter- 
nal components of the stimulation system. 

With these flexible printed circuit boards, however, there 
exists the problem that the thin conductor tracks are 
mechanically extremely sensitive, particularly at their con- 
tact points, which can result in loss of the electrical contact 
with the contact points and the conductor tracks. A further 
problem of these contact points or contact pads consists in 
the anchorage within the very thin, flexible printed circuit 
board for the implant. As a rule, the conductor track has a 
thickness from a few nanometers up to a few hundred 
nanometers, and the insulating layer has a thickness of a few 
micrometers. Critical in this regard is the fact that the 
contact point is only insufficiently anchored mechanically in 
the conductor track. In particular, as a result of mechanical 
loads in the course of the manufacturing, inserting of com- 
ponents assembly, or processing of the printed circuit boards 
for an implant, a contact pad can be easily dissolved 
loosened out of from the flexible printed circuit board by 
reason of mechanical compressive force, tensile force, shear 
force, flexural stress, expansion, vibration by ultrasound etc. 

It is therefore an object of the present invention to create 
a printed circuit board for an implant having improved 
properties in connection with the electrical contacting via 
the contact points of the conductor tracks on the printed 
circuit board. 

This object is achieved by means of the device according 
to the invention having the features according to claim 1. 
Advantageous further developments of the invention are 
specified in each of the dependent claims. 

According to one aspect of the present invention, the 
aforementioned object is achieved by means of a device for 
contacting and/or electrostimulation of living tissue cells or 
nerves with a printed circuit board that encompasses at least 
one electrically insulating material layer on which a con- 
ductor-track layer with at least one conductor track is 
arranged. For the electrical contacting of the conductor 
track, at least one contact point is provided. Above the 
conductor track at least one additional material layer is 
arranged, through which the contact point extends. In this 
way, the conductor track is electrically contactable from 
outside of the printed circuit board through the additional 
material layer via the contact point. 

According to a further aspect of the present invention, the 
aforementioned object is achieved by means of a process 
method for producing a printed circuit board in the form of 
a multilayer system for a device for contacting and/or 
electrostimulation of living tissue cells or nerves, said pro- 
cess comprising the following steps: 

generating a first insulating material layer, 

generating a conductor track on the first insulating mate- 

rial layer, 

generating a second insulating material layer, 

generating at least one window in the second insulating 

material layer, 

filling the window in the second insulating material layer 

with an electrically conducting material for to the 
purpose of generating a contact point that exhibits an 
electrical contact with the conductor track 

generating an additional insulating material layer on the 

second insulating material layer, 

generating at least one window in the additional insulating 

material layer, the window in the additional insulating 
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material layer exhibiting smaller lateral dimensions 
than the window in the second insulating material layer, 

filling the window in the additional insulating material 
layer with an electrically conducting material for to the 
purpose of generating a contact pad that exhibits an 
electrical contact with the contact point. 

Consequently, with the process method according to the 
invention the contact points for the conductor tracks of the 
implant,—such as, for example, a stimulating electrode,— 
are reinforced by means of one or more additional material 
layers. In this connection, a galvanically reinforced layer is 
grown onto the already preprocessed contact point, for 
example by means of a galvanic process. Alternatively, 
besides the galvanic application of metal, other suitable 
processes for applying one or more material layers may also 
be employed, such as sputtering, for example. Through the 
subsequent application of one or more additional material 
layers onto the prestructured contact points of the conductor 
tracks, these latter are mechanically more stably integrated 
within the printed circuit board in a mechanically more 
stable manner and hence become more reliable in their 
function,—i.e. the contact points can be contacted more 
reliably, and the electrical contact better can be maintained 
better, and the contact points are anchored better in the 
stimulating electrode. 

According to a preferred embodiment of the present 
invention, the flexible printed circuit board for an implant 
consists of multiple layers of an insulating material with 
conductor tracks, arranged in-between said layers, or under- 
neath them, or on top of them, which conductor tracks are 
mechanically reinforced prior to the application of further 
surface layers of insulating material in the region of the 
contact points prior to the application of further surface 
layers of insulating material. The application of one or more 
mechanically reinforcing layers on the printed circuit board 
is effected, for example, by means of galvanic processes, by 
means of sputtering or by other suitable processes. Alterna- 
tively, or in addition, appropriate contact pads made of metal 
may are also able to be fastened to the contact points. This 
is preferably done by gluing them on with the aid of a 
conductive adhesive, by soldering, welding, ultrasonic 
bonding, thermocompression bonding, crimping pressing on 
or clipping. 

The manufacture of the fine structures of a flexible printed 
circuit board that is suitable for use in an implant is carried 
out, as a rule, with the aid of lithographic processes that are 
already established for the production of semiconductors 
from silicon wafers. 

With this process method, it is possible for galvanically 
reinforced and positively anchored contact pads to be gen- 
erated with positive anchorage in flexible printed circuit 
boards, which can be used in devices with a flexible mul- 
tilayer system for contacting or electrostimulation of living 
tissue cells or nerves. The contact pads may be fitted 
optionally on the upper side and/or on the underside of the 
printed circuit board of the flexible multilayer system. 
Instead of, or together with, the contact pads, electrodes for 
electrostimulation of living tissue or nerves can also be 
established or arranged in the flexible printed circuit board. 
Via through-metalized holes connections through the insu- 
lating material layers of the flexible printed circuit board, it 
is possible for electrical contacts from the contact pads or 
from the contact points to the inner metal conductor tracks 
of the multilayer system are able to be produced. 

A further special feature of the process method for pro- 
ducing a printed circuit board according to the present 
invention that is suitable for use in an implant consists in the 
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fact that, on the one hand, a galvanic manufacturing process 
is employed in order to achieve mechanical reinforcements 
of the contact pads or at the contact points, and that these 
galvanically reinforced contact points are positively 
anchored in the printed circuit board by means of internal 
electroplating layers; this means that the internal inner 
electroplating layer of the contact pad in question is larger 
in its lateral dimensions than the external outer electroplat- 
ing layer of the contact pad, so that a good mechanical 
anchorage is obtained in relation to mechanical forces acting 
from outside. This good mechanical anchorage of the con- 
tact pad(s) in the printed circuit board is an important 
prerequisite for mechanical interconnection techniques to be 
carried out subsequently, such as, for example, ultrasonic 
bonding, conductive bonding, thermocompression bonding, 
flip-chip bonding and other electrical interconnection pro- 
cesses. 

A good mechanical anchorage of the contact pad in the 
printed circuit board for an implant is also a prerequisite for 
the production of mechanically robust electrodes on the 
flexible printed circuit board, this being which is of great 
importance in neuroprosthetics, for example. Such elec- 
trodes can be used, in particular, for electrostimulatory 
purposes, for example in a retinal implant, in a cochlear 
implant, for brain-stem stimulators, deep-brain stimulations, 
spinal-cord stimulators or other stimulators. On the other 
hand, there is also the possibility also exists of realising 
bleeder recording electrodes with the described process 
method, which may, which, for example, can be used for 
electrophysiological measurements of neural activity or of 
the impedance of biological or chemical systems. 

Further particulars, preferred embodiments and advan- 
tages of the present invention will become apparent from the 
following description with reference to the appended draw- 
ings. Shown are: 

FIG. 1 illustrates a schematic representation of the struc- 
ture of a printed circuit board according to a first preferred 
embodiment of the present invention for use in a device for 
contacting or electrostimulation of living tissue cells or 
nerves; 

FIG. 2a illustrates a schematic representation of the 
structure of a printed circuit board according to a second 
preferred embodiment of the present invention for use in a 
device for contacting or electrostimulation of living tissue 
cells or nerves; 

FIG. 26 illustrates a schematic sectional representation of 
the embodiment of the printed circuit board according to the 
invention that is shown in FIG. 2a. 

FIG. 3a illustrates a schematic representation of the 
structure of a printed circuit board according to a third 
preferred embodiment of the present invention for use in a 
device for contacting or electrostimulation of living tissue 
cells or nerves; and 

FIG. 36 illustrates a schematic sectional representation of 
the embodiment of the printed circuit board according to the 
invention that is shown in FIG. 3a. 

FIG. 1 is a schematic representation of the structure of a 
printed circuit board L according to a first preferred embodi- 
ment of the present invention for use in a device for 
contacting or electrostimulation of living tissue cells or 
nerves. 

The printed circuit board L represented in FIG. 1 encom- 
passes comprises three material layers 1, 2, 3 made of an 
electrically insulating material such as, for example, poly- 
imide, parylenes or another insulator. On these insulating 
layers 1, 2, 3 a lower conductor track 4 and an upper 
conductor track 5 are formed. The conductor tracks 4 and 5 
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are each situated lie in a corresponding conductor-track 
plane, whereby the conductor-track plane of conductor track 
4 being is located between the insulating material layer 1 and 
the insulating material layer 2, and the conductor-track plane 
of conductor track 5 being lies situated between the insu- 
lating material layer 2 and the insulating material layer 3. In 
the case of the embodiment of the printed circuit board L 
according to the invention that is represented in FIG. 1, the 
conductor tracks 4 and 5 are electrically connected to one 
another via a through-metalized hole connection 6 between 
the conductor-track planes. 

The upper conductor track 5 is furthermore provided with 
a contact area and/or a contact point 7 which extends from 
the conductor-track plane of the upper conductor track 5 as 
far as to the outer edge of the printed circuit board L. For the 
electrical contacting of the conductor tracks, contact points 
7 are provided, to which external electrical leads can be 
attached in order to connect the electronic components on 
the printed circuit board L to with further electrical compo- 
nents of a system. An electrode 8 may also be applied onto 
the contact point 7. The conductor tracks 4, 5 may be 
constructed, for example, from titanium, copper, gold, silver, 
platinum, conductive plastic or other electrically conductive 
materials. The printed circuit board L according to the 
invention can be produced by processes for generating 
microstructures such as are known, for example, from the 
production of semiconductor modules. With the aid of such 
processes, very fine dimensions of the printed circuit board 
L can be achieved, whereby the layer thickness of the 
conductor tracks 4, 5 may amount to from a few nanometers 
up to a few hundred nanometers and the layer thickness of 
the insulating material layers 1, 2, 3 may amount to a few 
micrometers. 

In order to achieve the aforementioned object of a 
mechanically more stable and functionally more reliable 
arrangement of the contact points 7 or electrode pads 8 in the 
printed circuit board L, according to the present invention 
the contact points 7 for the conductor tracks 5 are subse- 
quently reinforced by means of one or more additional 
material layers 9. In the case of the first embodiment of the 
printed circuit board L according to the invention that is 
represented in FIG. 1, a layer 9 made of electrically insu- 
lating material is arranged on the contact point 7 of the 
printed circuit board L. Through the arrangement of one or 
more additional material layers 9 on the contact point 7 of 
the conductor track 5, the contact point 7 is mechanically 
more stably anchored in the printed circuit board L in a 
mechanically more stable manner and hence can be con- 
tacted more reliably. 

Arranged on the contact point 7 is a contact pad 8 made 
of an electrically conductive material which extends through 
the additional material layer 9, via which pad the contact 
point 7 can be contacted from outside. This is preferably 
done by sputtering, galvanic growth, gluing on with the aid 
of a conductive adhesive, by soldering, welding, ultrasonic 
bonding, thermocompression bonding, crimping pressing or 
clipping. Several Multiple additional material layers 9 may 
also be arranged on the material layer 3 above the conductor- 
track plane with the upper conductor track 5. The contact 
pad 8 made of electrically conducting material is then 
formed in such a way that it extends from the contact point 
7 through all the additional material layers 9, in order to be 
able to contact the contact point 7 electrically from outside 
of the conductor tracks. In this way, galvanically reinforced 
and positively anchored contact pads 8 or even electrodes 
can be established both on the upper side and on the 
underside of the printed circuit board L, which via respective 
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contact points 7 enable an electrical contact with the inner 
metallic conductor tracks 4 and 5 of the printed circuit board 
L. 

FIG. 2a shows a schematic representation of the structure 
of a printed circuit board L according to a second preferred 
embodiment of the present invention with a contact point 7, 
and contact pad 8 formed on the upper side of the printed 
circuit board L, and FIG. 26 shows a schematic sectional 
representation of the embodiment of the printed circuit 
board L according to the invention that is shown in FIG. 2a. 
The embodiment of a printed circuit board L according to 
the invention that is shown therein again encompasses 
comprises three insulating material layers 2, 3 and 9, as well 
as two conductor-track layers with electrically conducting 
conductor tracks 4 and 10. The lower conductor track 4 is 
situated between the insulating material layers 2 and 3, 
whereas the upper conductor track 10 is arranged between 
the insulating material layers 3 and 9. 

The lower conductor track 4 is electrically contacted via 
a through-metalized hole connection 6, and the lower con- 
ductor track 4 is equipped with a contact point 7 on which 
a contact pad or electrode pad 8 is arranged. Both the 
through-connection metalized hole 6 and as well as the 
contact point 7 and the contact pad 8 are designed con- 
structed in the form of an electroplating layer,—i.e. they 
have been generated as a galvanic metallic coating by a 
galvanic process. Above the upper conductor track 10 an 
additional insulator layer 9 is arranged which is situated 
above the contact point 7 and includes within itself incor- 
porates the contact pad 8 within it. Consequently, through 
the use of galvanic processes a reinforcement of the contact 
point 7 or of the contact pad 8 is achieved, and through the 
application of the additional material layer 9 on the upper 
conductor-track layer opposite the insulating material layer 
3 a positive anchorage of the contact point 7, 8 on the upper 
side of the printed circuit board L is achieved. 

The contact pad 8 extends from the contact point 7 as far 
as the upper edge, or beyond it, of the additional material 
layer 9, so that the conductor track 4 is electrically con- 
tactable from outside of the printed circuit board L. As a 
result, the contact point 7 encompasses comprises a lower 
part and an upper part, whereby the lower part exhibits a 
larger lateral dimension than the upper part . In this way, the 
contact point 7, and the contact pad 8 is anchored better in 
the printed circuit board L and 15 less sensitive to mechanical 
deformations and/or tensile forces perpendicular to the flex- 
ible printed circuit board L. 

FIG. 3a shows a schematic representation of the structure 
of a printed circuit board L according to a third preferred 
embodiment of the present invention, with a contact point 7, 
and contact pad 8 formed on the underside of the printed 
circuit board L, and FIG. 36 shows a schematic sectional 
representation of the embodiment of the printed circuit 
board L according to the invention that is shown in FIG. 3a. 
The embodiment, shown therein, of a printed circuit board 
L according to the invention has, in part, a similar structure 
to that of the embodiment shown in FIGS. 2a and 26. 

The embodiment of a printed circuit board L according to 
the invention that is shown in FIGS. За and 3b exhibits a 
contact point 7, and a contact pad 8 on the underside and 
again encompasses comprises three insulating material lay- 
ers 2, 3 and 9, as well as two conductor-track layers with 
electrically conducting conductor tracks 4 and 5. The upper 
conductor track 4 lies situated between the insulating mate- 
rial layers 2 and 3, whereas the lower conductor track 5 is 
arranged between the insulating material layers 3 and 9. 
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The upper conductor track 4 is electrically contacted ма 
a contact point 7, and the lower conductor track 5 is 
electrically contacted via a contact pad 8. The contact point 
7 and the contact pad 8 have again been generated by a 
galvanic process. Below the lower conductor track 5 an 
additional insulating material layer 9 is arranged which lies 
situated below the contact point 7 and encompasses loses the 
contact pad 8. The contact pad 8 extends from the contact 
point 7 as far as the lower edge, or beyond it, of the 
additional material layer 9, so that the conductor track 4 is 
electrically contactable from outside of the printed circuit 
board L. In this way, the contact point again consists of a first 
part 7 which exhibits a larger lateral dimension than the 
second part 8 and is, as a result, reliably anchored in the 
printed circuit board L. 


LIST OF REFERENCE SYMBOLS 


1 insulating material layer or insulator layer 

2 insulating material layer or insulator layer 

3 insulating material layer or insulator layer 

4 conductor track or conductor-track plane 

5 conductor track or conductor-track plane 

6 through-connection metalized hole 

7 lower part of the contact point 

8 upper part of the contact point or contact pad 

9 insulating material layer or insulator layer 

10 conductor track or conductor-track plane 

A sectional plane of the representation in FIG. 2b 
B sectional plane of the representation in FIG. 3b 
L printed circuit board 


What is claimed is: 

1. A method for manufacturing a multilayer printed circuit 
board for a device for contacting and/or electrostimulation 
of living tissue cells or nerves, said method comprising the 
steps: 

providing a first insulating material layer, 

providing a conductor track on the first insulating material 

layer, 
providing a second insulating material layer on the first 
insulating material layer and on the conductor track, 
wherein the second insulating material layer comprises 
at least one window such that the conductor track is 
exposed in the at least one window provided in the 
second insulating material, 
providing, in the at least one window of the second 
insulating material layer, an electrically conducting 
material, wherein the electrically conducting material is 
provided to form a contact point for establishing an 
electrical contact with the conductor track, 
providing an additional insulating material layer on the 
second insulating material layer, wherein the additional 
insulating material layer comprises at least one win- 
dow, the window in the additional insulating material 
layer exhibiting smaller lateral dimensions than the 
window in the second insulating material layer, 
wherein the contact point is exposed in the at least one 
window in the additional insulating material, 

providing, in the at least one window of the additional 
insulating material layer, an electrically conducting 
material, wherein the electrically conducting material is 
provided to form a contact pad for establishing an 
electrical contact with the contact point. 

2. The method of claim 1, wherein a first part of the 
contact point is provided to establish contact with the 
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conductor track, and a second part of the contact point is 
provided to establish contact with the additional insulating 
material layer. 

3. The method of claim 2, wherein the additional insu- 
lating material layer is formed to at least partially overlap the 
first part of the contact point, and to at least partially 
surround the second part of the contact point. 

4. The method of claim 2, wherein the first part of the 
contact point is configured to contact at least one of said 
insulating material layers. 

5. The method of claim 2, wherein the second part of the 
contact point is formed in the additional material layer. 

6. The method of claim 2, wherein a shoulder is formed 
between the first part of the contact pad and the second part 
of the contact pad. 

7. The method of claim 1, wherein the second insulating 
material layer is formed over the conductor track. 

8. The method of claim 1, wherein the additional insu- 
lating material layer is formed over the second insulating 
material layer. 

9. The method of claim 1, wherein multiple additional 
insulating material layers are provided, and wherein the 
additional insulating material layers are formed such that the 
contact point extends from the conductor track to an outer 
edge of the circuit board. 

10. The method of claim 1, wherein the conductor track 
is provided on one of the insulating material layers or is 
integrated within one of the electrically insulating material 
layers, such that the conductor track is arranged between two 
electrically insulating material layers. 

11. The method of claim 1, wherein the conductor track is 
provided such that its thickness is within the range of 
between a few nanometers and a few hundred nanometers. 

12. The method of claim 1, wherein the insulating mate- 
rial layers are provided such that their thickness is on the 
order of a few micrometers. 

13. The method of claim 1, wherein the conductor track 
layer and the insulating material layers are provided such 
that they are arranged in parallel to each other. 

14. The method of claim 1, wherein the contact point is 
provided on the upper side and/or on the underside of the 
circuit board. 

15. The method of claim 1, wherein the additional mate- 
rial layer is provided such that the conductor track is 
reinforced by the additional material layer. 

16. The method of claim 1, wherein a galvanic manufac- 
turing process is employed, thereby mechanically reinforc- 
ing said contact pad and/or contact point. 

17. The method of claim 1, wherein one or more addi- 
tional insulating material layers are provided on said contact 
point, in particular by means of growing with a galvanic 
process, or by sputtering. 

18. The method of claim 1, wherein said contact pad is 
fastened to said contact point, preferably by gluing, solder- 
ing, welding, ultrasonic bonding, thermocompression bond- 
ing, crimping pressing and/or clipping. 

19. A method for manufacturing a multilayer printed 
circuit board for a device for contacting and/or electrostimu- 
lation of living tissue cells or nerves, said method compris- 
ing the steps: 

providing a first insulating material layer that is flexible, 

providing a conductor track on the first insulating material 

layer, 

providing a second insulating material layer that is flex- 

ible on the first insulating material layer and on the 
conductor track, wherein the second insulating material 
layer comprises at least one window, 
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providing, in the at least one window of the second 
insulating material layer, an electrically conducting 
material, wherein the electrically conducting material is 
provided to form a contact point for establishing an 
electrical contact with the conductor track, 

providing an additional insulating material layer that is 
flexible on the second insulating material layer, 
wherein the additional insulating material layer com- 
prises at least one window, the window in the additional 
insulating material layer exhibiting smaller lateral 
dimensions than the window in the second insulating 
material layer, 

providing, in the at least one window of the additional 
insulating material layer, an electrically conducting 
material, wherein the electrically conducting material is 
provided to form a contact pad for establishing an 
electrical contact with the contact point. 


* ж * * * 
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